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INTRODUCTION

Implants with ceramic bearing surfaces are widely used
in total hip arthroplasty (THA) and the preferred choice
for younger and more active patients because they are: i)
more resistant to wear, ii) have less periprosthetic osteolysis-
caused loosening, and iii) improved implant survival rates1-3).
Although ceramic liner and femoral head breakage was
reported in the early years4-6), the risk of breakage has
dramatically decreased with the distribution of the fourth-
generation ceramic-on-ceramic (CoC) bearings, following
the third-generation CoC bearings manufactured by hot
isostatic pressing and laser marking7,8). However, squeaking
sounds have been reported following THA performed
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using the fourth-generation ceramic bearings9-11). The
incidence of squeaking sounds in CoC hip replacements
varies in the literature (range, 3.1-30%), and a higher rate
of squeaking has been reported in taller, heavier, younger,
and more active patients12-14). The cause(s) of squeaking
noises has not yet been completely elucidated, and natural
history studies assessing changes in the pitch and frequency
of squeaking sounds are rare. A previous report documented
no changes in pitch and frequency, but the study was
limited by the relatively short follow-up period15). Here,
we characterized the natural course of squeaking and
evaluated the potential correlation between squeaking and
clinical and radiological outcomes. Our study included
patients who experienced squeaking sounds after THA
using CoC bearing surfaces during a long-term follow-up
(≥10 years).

MATERIALS AND METHODS

This study included 47 of 61 cases that underwent THA
using CoC bearings in Kwangju Christian Hospital from
April 1999 to April 2005. The remaining 14 cases were
excluded due to a lack of sufficient follow up. The mean
age at the time of surgery was 52.9 years (range, 24-70
years), and 38 males and 9 females were included. The mean
postoperative follow-up period was 14 years (range, 10.5-
17 years). All operations were performed by a single surgeon
via the posterolateral approach. The acetabular cups used
were Bicontact� (Aesculap, Tuttlingen, Germany) in 24 cases,
Osteonics� (Stryker, Kalamazoo, MI, USA) in 17 cases and
ABGII� (Howmedica, Newbury, UK) in 6 cases. The femoral
stems used were Bicontact� in 24 cases and ABGII� in 21
cases. All femoral heads and acetabular liners used alumina
ceramic components.

A squeaking sound was defined as a high-pitched audible
sound that is directly heard by the observer and occurs
during movement of the hip joint at outpatient visit. Clicking
or popping sounds were excluded. To identify the causes
of squeaking sound, patients’ age, sex, weight and height

were examined and the anteversion and coverage angles
of the acetabular cup were measured on anteroposterior
and lateral views of the hip. Clinical results were evaluated
with the Harris Hip Score (HHS). The degree of effect of
squeaking on activities of daily living was assessed based
on the rating form devised by the authors of this study
(Table 1).

To explore the postures in which squeaking sounds were
heard, the survey was carried out by subdividing postures
into: i) ground walking, ii) stair walking, iii) sitting, and
iv) standing. We further investigated whether there were
changes in squeaking frequency and/or pitch from the
period when the patient first recognized the sound to final
follow-up. Since the frequency and pitch of the sound cannot
be expressed numerically, assessment was done based on
feedback from patients and family members who responded
to a survey. To identify the factors affecting the change in
frequency and pitch of the sound, we compared age, sex,
weight, height, follow-up duration and radiological outcomes
between patients with changes and those without.

The Mann-Whitney U-tests and chi-square tests were
used. Statistical analyses were performed using the PASW
Statistics version 18.0 (IBM Co., Armonk, NY, USA).
Differences were considered statistically significant at
P<0.05. This study was performed after gaining an approval
from the institutional review board of Kwangju Christian
Hospital (KCH-2015-01-003).

RESULTS

Squeaking occurred in 10 (21.3%) of 47 cases. New
audible noises of the hip did not occur during the follow-
up period in any patient. No significant differences were
observed between the occurrence of sound by age at the
time of surgery or sex. However, patients with squeaking
had a higher mean body mass index (BMI) of 25.8 kg/m2

than those without (P=0.001). Squeaking occurred at a
higher rate in hips implanted with Osteonics�, but this
difference was not statistically significant. The average

Table 1. Grade of Restriction of Daily Living Activities by Squeaking

Grade Restriction of daily living activities

I (Mild) Only sound exists without any discomfort
II (Moderate) I. Intermittent sound

II. Patients deliberately restrict the motion not to make the sound in public
II (Severe) I. Continuous sound

II. Revision is considered seriously due to the sound
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anteversion and coverage angles of the acetabular cup were
43.2。and 17.5。, respectively, in patients with squeaking;
43.2。and 20.6。, respectively, in patients with no squeaking;
there were no significant differences among these comparisons
(Table 2).

The mean time to onset of squeaking after surgery was
46.2 months (range, 6-74 months). Squeaking sounds most
commonly occurred while rising up from a squat position
to a standing position (7 cases) and walking up and down
stairs (2 cases) and ground walking (1 case). No patients
experienced complete remission of squeaking, but the
frequency and pitch of the sound decreased in 4 (40.0%)
cases during follow-up. However, the cause of the decrease
in frequency and pitch of the sound was not determined
(Table 3).

The mean HHS was 88 in patients with squeaking at
the last follow-up, showing no difference compared to
those without the sound. Squeaking had no influence on
clinical outcomes, but 8 patients had moderate restriction
in daily life (i.e., becoming conscious of other people
because of the sound). Revision surgery was conducted
in 1 case with squeaking at the last follow-up due to

destruction of the prosthetic head. Surgical treatment was
undertaken in 2 cases without the sound due to periprosthetic
fracture. No patients underwent revision due to prosthetic
loosening.

DISCUSSION

The incidence of ceramic breakage, one potential
complication following THA using CoC bearing surfaces
has declined dramatically with the use of fourth generation
CoC bearings. Squeaking sounds, which have been reported
as a new complication, have not been well characterized
with long-term studies and their cause(s) remain highly
debated. Walter et al.16) reported a very low incidence of
squeaking sounds (0.66%). Other, more recent studies, have
documented that the prevalence of squeaking sounds after
CoC THA range between 1.1% and 6.0% in the third and
fourth generation ceramic bearings9-11). Salo et al.9) and
Gillespie et al.14) observed incidence rates of 17% and 30%,
respectively. In our study, squeaking sounds occurred in
21.3% of patients as determined by conducting a thorough
inquiry into the patient’s status concerning squeaking sound.

Table 2. Demographic Data of Squeaking and No-squeaking Group

Variable Squeaking (n=10) No squeaking (n=37) P-value

Age (yr) 054.5 052.5 0.394
Gender (male:female) 9:1 29:8 0.426
Duration of follow up (mo) 173.2 168.0 0.140
Cup positioning (。)

Inclination 043.2 043.2 0.623
Anteversion 017.5 020.6 0.220

Kind of prosthesis 0.129
Body mass index (kg/m2) 025.8 023.0 0.001
Harris Hip Score 88. 086.2 0.645
Complication, n (%) 1 (10.0) 5 (13.5) 0.788

Table 3. Changes of Pitch and Frequency of Squeaking Sound

Variable Changed (n=4) Persistent (n=6) P-value

Age (yr) 052.0 055.8 0.520
Duration of follow up (mo) 172.1 173.6 0.990
Cup positioning (。)

Inclination 041.8 046.0 0.273
Anteversion 018.3 016.7 0.657

Kind of prosthesis 0.764
Body mass index (kg/m2) 025.9 025.5 0.787
Harris Hip Score 089.3 086.8 0.717
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The sound in CoC bearing surfaces is seems to occur at
a frequent rate, but the reported low prevalence seems
attributable to the fact that patients do not complaint
squeaking sound because it is not associated with any pain
or clinical differences and physicians do not inquire about
whether the patient is experiencing this noise.

Several authors have pointed out that height (i.e., taller
patients) and higher BMI may be factors which lead to the
initiation of squeaking sounds12,13,16). In our study, higher BMI
significantly correlated with the occurrence of squeaking.
For this reason, the risk of squeaking sound after THA
using CoC bearings should be fully explained to patients
before surgery especially in patients with higher BMI.

In the current study, squeaking sounds were most frequently
detected when the hip joint moves from flexion to extension,
in particular when rising up from a squatting posture to a
standing position (7 cases), or while walking (3 cases).

Restrepo et al.15) reported that squeaking sounds occurred
while walking on ground in 38%, stair walking in 24%,
and during deep hip flexion in 21%. Unlike Americans or
Europeans, Koreans, because of lifestyles, are more likely
to take a squatting position at lower levels than chair-sitting
postures; differences between our results and the results from
Restrepo et al.’s study15) is thought to be attributed to this
reason. Based on our analysis, high BMI and postures that
impose heavier weight on the hip joint are found to increase
the incidence of squeaking sounds. Patients with squeaking
after THA may experience limitations in activities of daily
living and undergo revision surgery17). In this study, 8 patients
were experiencing stress due to the sound. In particular,
patients who emit a high-pitch noise when they move had
increased movement restrictions (e.g., concerns for other
people around them). For this reason, we became more
interested in squeaking sounds, and aimed to investigate,
through a long-term follow up study: i) changes in the pitch
and/or frequency of squeaking sounds and ii) the potential
correlation between squeaking sounds and clinical and/or
radiological outcomes. Although no patients experienced
complete remission of squeaking (consistent with other
studies), the frequency and pitch of the sound were decreased
in 4 (40.0%) cases during the follow-up. Previous studies
have only examined the presence or absence of the sound;
no studies have characterized changes in frequency and/
or pitch of squeaking sounds. However, this study was
meaningful in that it revealed that changes in the pitch
and/or frequency of squeaking sounds after CoC THA over
time do occur. Since this study was limited by the relatively
small sample size, we were unable to identify the causes

for changes in pitch and frequency of the sound. No factors
between the 4 cases with change in squeaking sound and the
6 cases without any change were shown to be significantly
different. Further studies with a much larger sample size may
help elucidate the cause(s) for changes to squeaking sounds.

With respect to the impact of squeaking sound on
clinical outcomes, Salo et al.9) suggested that patients with
squeaking sounds had a lower Oxford Hip Score. Abdel
et al.18) recommended revision in patients associated with
pain. On the contrary, Restrepo et al.15) and Sexton et al.12)

documented that squeaking sounds had no influence on
clinical results. Stanat and Capozzi11) reported that no
differences in clinical results were found between THA
patients (with fourth-generation CoC bearings) with
squeaking sound and those without. After a long-term
follow-up of more than 10 years, no patients in our study
reported pain, despite the presence of squeaking sound.
Furthermore, patients with squeaking showed no difference
in clinical outcomes compared to those without the sound.
A patient with squeaking sound and an Osteonics� cup
implant underwent revision surgery due to destruction of
the prosthetic head 11 years after THA. Since there were
no specific findings correlating the sound with prosthetic
loosening or osteolysis, squeaking sound appears to have
no direct impact on implant survival. Even though, our study
findings have been achieved based on long-term follow-
up, we are limited to draw conclusion on the effect of squeaking
sound on implant survival due to the small sample size.
Multicenter long-term follow-up studies are thought to be
warranted to further characterize squeaking sounds.

CONCLUSION

Squeaking sound after THA using CoC bearing surfaces
has been recognized as a adverse event that can negatively
affect the daily lives of patients The risk of squeaking sound
following CoC bearing THA should be clearly explained
to patients before surgery especially in those with higher
risks. However, squeaking sound was found to have no
negative impact on clinical and radiological outcomes.
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